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1039-140 Heart Rate Recovery as a Predictor of Mortality 
Independent of the Anglogrephlc  Severity of Coronary 
Dleaaea 
Daeoak P. Vivekananthan. Eugene H. Blackstone, Claire E. Pothier Shader, Michael S. 
Lauer, Cleveland Clinic Foundation, Cleveland, Ohio. 
Background: An attenuated ecrease in heart rate after exercise, or heart rate recovery 
(HRR), has been shown to predict mortality. There are few data regarding its prognostic 
importance once angiographic sevedty of coronary artery disease (CAD) is accounted 
for. 
Methods: We followed for 6 years 2935 consecutive patients who underwent symptom- 
limited exercise testing for suspected CAD and then had a coronary angiogram within 90 
days. HRR was abnormal if < 12 bpm during the first minute after exercise. Angiographic 
CAD was considered severe if the Duke Prognostic Weight Score was > 42 (on a scale of 
0-100), which corresponds to a level of CAD where revasculadzation is associated with 
better long-term survival. 
Results: Severe CAD was presented in 421 patients (14%), while an abnormal HRR was 
noted in 838 (29%). There were 336 deaths (11%). Mortality was predicted by an abnor- 
mal HRR (hazard ratio [HR] 2.5, 95% CI 2.0-3.1, P<0.0001) and by severe CAD (HR 2.0, 
95% CI 1.6-2.6, P<0.0001 ); both variables provided additive prognostic information (Fig- 
ure). 
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After adjusting for age, gender, standard dsk factors, medications, exercise capacity, and 
LV function, abnormal HRR remained predictive of death (adjusted HR 1.6, 95% CI 1.3- 
2.0, P<0.0001); severe CAD was also predictive (adjusted HR 1.4, 95% CI 1.1-1.9, 
P=0.008).Conclualon: Even after taking into account angiographic severity of CAD, LV 
function, and exemise capacity, heart rate recovery is independently predictive of modal- 
ity. 
1039-161 Systolic Blood Pressure Recovery After Exercise as a 
Predictor of Mortality 
Byron K. Ellis. Eugene H. Blackstone, Claire E. Pothier Sneder, Michael S. Lauer, 
Cleveland Clinic Foundation, Cleveland, Ohio. 
Background: An attenuated systolic blood pressure recovery following exercise has 
been associated with the severity of atherosclerotic heart disease. However, few studies 
have evaluated blood pressure recovery as a predictor of mortality. Methods: We fol- 
lowed 12,379 patients for 6 years who underwent symptom limited exercise testing. We 
excluded all patients receiving ant/hypertensive medication, as well as patients with val- 
vular heart disease, emphysema, end stage renal disease, congestive heart failure and 
atrial fibrillation. Blood pressure recovery ratio was defined as the ratio of systolic blood 
pressure at 3 minutes into recovery to systolic blood pressure at peak exercise. This ratio 
has previously been shown to correlate with the angiographic sevedty of coronary artery 
disease. The ratios were then categorized into quadiles. Reaulta: The blood pressure 
recovery ratios for each quartile 1 to 4 were 0.72~).05, 0.82i-0.02, 0.88+.0.02, and 
0.99i-0.07 respectively. Compared to those in quartile 1, patients in quartile 4 were older 
(54 vs. 51 years), more likely male (80% vs. 73%), had a higher resting systolic blood 
pressure (129 vs. 125 mm Hg), and were more likely to have an abnormal heart rate 
recovery of < 12 beets per minute (20% vs. 13%), but did not differ in exercise capacity 
(10±2 METs). During follow up there were 430 deaths (3%). 5-year Kaplan Meier survival 
rates were 0.975, 0.974, 0.969 and 0.966 in quartiles 1 to 4 respectively (P=0.0003). 
Compared to patients in the lowest quadile of blond pressure recovery ratio, those in the 
highest quartile were at increased risk (hazard ratio 1.71, 95% CI, 1 31 to 2.24; p<0.001 ).
However, after adjusting for age, gender, body mass index, resting heart rate and blood 
pressure, peak systolic blood pressure, heart rate recovery, exercise chronotropic 
response, cardiac history, and standard risk factors, the association was no longer 
present (adjusted hazard ratio of 1.05, 95% CI 0.8 to 1,38, p=0,74), Conclusion: In this 
low risk population, abnormal systolic blood pressure recovery after exercise did not pre- 
dict mortality after correcting for differences in baseline and exercise characteristics. 
1039-162 Associat ion of Educational Status With Heart Rate 
Recovery: A Population-Baaed Propensity Analysis 
Mehdi H. Shishehbor. David W. Baker, Eugene H. Blackstone, Michael S. Lauer, 
Cleveland Clinic Foundation, Cleveland, MetroHealth Medical Center, Cleveland. 
Background: Poor educational status has been hypothesized to be associated with 
chronic stress and autonomic imbalance. Abnormal heart rate recovery after exercise 
reflects decreased vagal tone and is predictive of death. 
Objective: To assess the association of educational level with abnormal heart rate 
recovery. 
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Methods: 5246 healthy adults from the Lipid Research Clinics Prevalence Study under- 
went exercise testing: 874 (17%) did not graduate high school, 1823 (35%) graduated 
high school but did not attend college and 2549 (49%) had at least some college educa- 
tion. An abnormal heart rate recovery was _< 42 beats per minute from peak exercise to 2 
minutes of recovery based on pdor prognostic validation. 
Results: An abnormal heart rate recovery was more common among adults who did not 
graduate high school compared to those who attended at least some college (50% vs. 
28%, OR 2.68, 95% CI 2.28 to 3.13, P < 0.0001). After adjusting for age, gender, race, 
occupation, body mass index, standard risk factors, and exercise capacity, failure to 
graduate high school remained associated with an abnormal heart rate recovery (com- 
pared to those who attended some college, adjusted OR 2.33, 95% CI 1.95 to 2.78, P < 
0.0001). Furthermore, after using propensity ecodng to match poody educated subjects 
with better educated ones on over 20 covariates, lower educational status remained an 
independent risk factor for abnormal heart rate recovery (adjusted OR 1.93, 95% CI 1.56 
to 2.40, P < 0.0001). During the 12-year follow-up, there were 327 deaths. Poor educa- 
tional status was associated with an increased risk of mortality (hazard ratio 1.88, 95 % 
CI 1.43 to 2.48, P < 0.0001). After adjusting for age, gender, race, and abnormal heart 
rate recovery this association was attenuated (adjusted hazard ratio 1.29, 95% CI 1.00 to 
1.67, P = 0.05). 
Conclualon: Educational status is an independent correlate of abnormal heart rate 
recovery, even after accounting for multiple confounders by propensity analysis. Our data 
are consistent with the hypothesis that lower educational levels are correlated with prog- 
nostically important disturbances of autonomic function. 
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1040-141 Gender But Not Age Affects Cardiovascular 
Performance During Mental Stress in Healthy Subjects 
20-93 Years Old 
Jerome L Fled, Frances C. O'Connor, Lewis C. Becker, Susan Townsend, Jon Clulow, 
Gary Gerstenblith, Edward G. Lakatta, Gerontology Research Center, NIA, Baltimore, 
Maryland, Johns Hopkins Medical Institutions, Baltimore. Maryland. 
Backoroun~; Advancing age is accompanied by major changes in cardiovascular perfor- 
mance during aerobic exercise, thought o be mediated largely by a blunted response to 
catecholaminea. Whether age has a similar effect on cardiac function dudng mental 
stress (MS), a milder catecholamine stimulus, is not well defined. 
Methods: Accordingly 107 healthy volunteers 20-93 years old from the Baltimore Longitu- 
dinal Study of Aging screened to exclude cardiovascular disease by history, physical 
exam, resting and maximal exercise ECG (and if > 40 years old, exercise thallium scans) 
underwent gated cardiac blood pool scans with Tc99m before and during the Stroop color 
word test. 
Results: In the overall group, MS elicited significant increases in systolic (13+10) and 
diastolic (7~BmmHg) blood pressures, heart rate (12_+10 bpm), cardiac index (0.7±0.6 1/ 
m/n), each < .0001, a small rise in ejection fraction (EF), (1.4_+ 5 points, p=.005) but no 
changes in left ventricular (LV) volumes. None of the induced hemodynamic hanges 
was related to age by linear regression analysis. When the hemodynamic response of 
the 52 women was compared with that of the 55 men, the EF increased dudng MS in 
women (3.1±5.2points p<.01) but not in men (-0.2±4.4 points, paNS), despite similar 
changes in heart rate, blood pressure and end-diastolic volume. Conclusion: Thus, in 
carefully screened normal subjects, the LV response to mild MS appears to be unaf- 
fected by age but is greater in women than in men despite similar gender changes in 
head rate, preload and aftedoad. 
1040-142 The Aged Dog With Diastolic Dysfunction Develops 
Systolic Dysfunction After Induction of Diabetes 
J/no Liu. Garikipadhy N. Jyothirmayil, Maithi R. Masurekar, Timothy J. Regan, New 
Jersey Medical School, Newark, New Jersey. 
In the young canine, induction of diabetes (D) results in increased left ventricular (LV) 
diastolic stiffness due to advanced glycation of interstitial collagen (Avendano, G ). The 
normal aged dog exhibits diastolic stiffness in the basal state (Asif, M 2000). To evaluate 
the interaction of diabetes and aging eight male aged dogs were serially studied at base- 
line, post-D and post treatment with 3-phenacyl-4, 5-dimethylthiezolium chloride (ALT- 
711). LV and aortic dimensions were measured by ECHO and pressures obtained from a 
micromanometer catheter before and after volume expansion with dextran. To determine 
the influence of D on LV function in the aged, alloxan 30 mg/kg I.V. was given. HbAlc was 
raised from 2.2+ 0.1% to 5.6+ 0.3% throughout he diabetic state. After 5 months LV 
function was determined in the anaesthetized og (Table). For the following month these 
animals were fed ALT-711, a collagen cleavage agent, 1 mg/kg/day to determine if aortic 
and LV diastolic stiffness in D were changeable after treatment ancl the influence on aor- 
tic-ventricular functions (Table). Increased aortic stiffness and reduction of eiection frac- 
tion (EF) in the aged D were associated with decreased aortic stiffness and normalization 
of EF after treatment. Whether intrinsic changes of LV contribute to the effects of reduced 
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aortic stiffness in normalizin~ LV function remains to be examined. 
Pre-D Pre-D Post-D Post-D Rx Rx 
Basal Dextran Basal Dextran Basal Dextran 
EF(%) 
SV(ml/kg) 
LVEDV(mmHg) 
LVEDP(mmHg) 
Aortic stiffness index 
(mmHg/ml) 
0.55_+0.1 0.59-+0.1 0.42+-0.1" 0.47+0.1 + 0.55+-0.08 0.60+-0.1 
1.9+0.4 2.5+0.2 1.5_+0.16 # 2.0_+0.3 # 2.06+-0.23 2.9+-0.4 
3.4+0.4 4.4+-0.5 3.5_+0.6 4.2-+0.7 3.77+0.66 4.9_+0.7 
14+4 23+-6 12.6+-3 22+-3 13+-5 23+5 
87+~9 143+60* 83-+28 
Rx: D+ALT-711. *P~ 0.05; +P<0.001 compared to pre.D and Rx Dextran respectively, 
#P<0.01 compared to Pre-D and Rx Basel and Dextran. 
1040-143 Differential Changes in Central and Peripheral Conduit 
Vessel Stiffness With Advancing Age in a Community- 
Based Cohort: The NHLBI Framingham Heart Study 
Gary F. Mitchell, Emelia J. Benjamin, Michelle J. Kupka, Martin G. Larson, Daniel Law. 
Cardiovascular Engineering, Inc., Hol/iston, Massachusetts, Boston University School of 
Medicine, Boston, Massachusetts. 
Background: Increased stiffness of the conduit vessels is an increasingly appreciated 
cardiovascular disease risk factor in older adults. Prior studies of relations between age, 
sex and conduit vessel stiffness have shown that central conduit vessels stiffen with age 
whereas changes in peripheral conduits are less well established. 
Methods: We evaluated relations between age, sex and conduit vessel stiffness by 
assessing central (carotid-femoral, CF-PWV) and peripheral (carotid-radial, CR-PWV) 
pulse wave velocity in 520 subjects attending a routine exam at the Framingham Study. 
PWV was determined from sequential tonometry of the radial, femoral and carotid arter- 
ies using the ECG as a fiduciat point. 
Results: The cohort was 62+9 (range 37-86) years of age and 55% were femate. Linear 
regression of PWV with age and sex demonstrated a steep linear increase in CF-PWV 
(P<0.0001) with advancing age in men and women (Figure). There was no relationship 
between CR-PWV and age for either sex. Women had modestly lower CF-PWV (P<0.01) 
and moderately lower CR-PWV (P<0.0001) than men of comparable age. 
Figure. PWV by age and sex (mean _+ SD).. 
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Conclusions: In this large community-based cohort, central conduit stiffness increased 
dramatically with age whereas peripheral conduit stiffness was unchanged in men and 
women. Changes in central conduit stiffness likely account for increasing pulse pressure 
with advancing age in this cohort and may provide independent prognostic information in 
older adults. 
1040-144 Lack of Preconditioning with Recurrent Acute Ischemic 
Insults: An Aging Related Phenomenom? 
Fabian A. Azzari. Luis A. Guzman, Femando Cura, Lucio T. Padilla, Jr., Marcelo Trivi, 
Alberto A. de Lima, Carlos Bertolasi, Jorge A. Belardi, Instituto Cardiovascular de 
Buenos Aires, Buenos Aires, Argentina. 
Backuround: It has been shown that short periods of ischemia (Isch) make the myocar- 
dium more resistant o subsequent ischemic insults. Age is a well known high risk factor 
for all forms of CAD mainly acute coronary syndromes (ACS). One possible explanation 
is the failure of protective mechanisms to acute Isch {preconditioning (Pre), collateral 
recruitment}. The aim of the present study is to determine whether the aging process 
may produce a different olerance to balloon (Be) induce Isch. 
Methods: Forty two pts undergoing PTCA were included in the study. Pts with diabetes, 
recent MI (<30 days), total occluded vessels or with impaired flow or chest pain within 
last 48 hs were excluded. According to age, they were divided in <70 and _>70 years. Pre 
was evaluated during 75-90 sec Ba occlusion followed by a reperfusion period of 180 sec 
and repeated 3 times. ST segment response at the end of each the inflation were mea- 
sured via the intracoronary guidewire. The end point of the study was defined as the per- 
cent of maximum ST segment (ST Mx) resolution to the third inflation (Infl) (% ST Res). 
Results: Baseline clinical risk factor were similar between ~rous. 
ST Mx (mm) ST 3 rd Infl (mm) % ST Res 
<70 years n:30 16.3+-11.7 11.1 _+10 30.5+30" 
->70 years n:l 2 8.9~8.3 8.2+7.9 8.6-+14 
60-69 years n:17 17.8+13.4 13.1_+12.7 25.9-+30 
-<59 years n:13 15.0+-9.3 8.6+_6.8 45.3-+35** 
* p=0.04 between > and <70 years; ** P=0.1, trend toward worse Pre with aging. 
Conclusions: Pre appears to depend at least in part on the patient aging process. Older 
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pts appears to adapt less to recurrent ischemic insults than younger pts. These findings 
may have important ctinicat implications and might explain in part the worse outcome of 
older pts with ACS. 
1040-145 Antiaging Effect of Exercise Training on the Rat Heart: 
Gene Expression Profile Approach 
Nicola Ferrara, Paolo Pisanelli, Pasquale Abete, Claudio Calabrese, Luigi Pianese, Carlo 
Fasano, Mimmo Turano, Antonella Monticelli, Irene De Biase, Dario Leosco, Franco 
Rengo, Sergio Cocozza, Department of Gerontology, Geriatrics and Metabolic Diseases, 
Second University of Naples, Naples, Italy, Department of Internal Medicine and 
Department of Molecular Pathology, Federico It University, Naples, Italy. 
Introduction: The aim of the study was to provide the first global analysis of aging- 
induced gene expression changes in the rat heart and its modulation induced by exercise 
training using a gene chip technology according to very restrictive selection criteria. 
Methods: We analyzed the gene expression profile using oligonucleotide-based arrays to 
define the transcriptional response to the aging process in the rat heart and the modifica- 
tions induced by six weeks of graduated swim training in the gene expression profile of 
aging. The hybridization cocktail was applied to the GeneChip probe array named Rat 
Genuine U34A Array (Affymetdx, California, USA). This array contains probes interrogat- 
ing 5348 full-length genes and 3451 Expressed Sequence Tags (ESTs) from UniGene 
Collection (National Center for Biotechnology Information, USA. Fragmentation, hybrid- 
ization and scanning were performed by Research Genetics (Alabama, USA), Data were 
analyzed using GeneChip algorithms. For our study the hearts were obtained from 3 
male Wistar adult (6 months) and 3 sedentary and 3 trained senescent (26 months) rats. 
Results: We found 96 genes downregulatad and 3 genes upregulatod in the aging heart. 
Among these 99 transcripts, 26 genes also showed changes between hearts of seden- 
tary and trained aged rats. Comparison of down- and up-rogulatod transcripts between 
adult and senescent hearts showed that 47 genes can be classified as genes related to 
Cell Signaling/Communication, 15as Guns/Protein Expression, 12 as Metabolism, 11 as 
Cell Structure/Motility, 9 as Cell Division and 5 as Cell/Organism Defense. Among the 26 
genes showing significant changes between heads of sedentary and trained aged rats, 
14 were classified as related to Cell Signaling/Communication, 5 as Gene/Protein 
Expression, 4 as Cell Division, 2 as Metabolism and 1 as Cell/Organism Defense. 
Conclusion: Our results suggest that exercise is able to counterbalance the changes in 
transcript levels induced by aging in the rat head, completely reversing the age-related 
effects on the expression profile of some genes. These data confirm, at molecular level, 
the role of exercise training as anti-aging agent. 
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1061-153 Natriuretic Peptides Predict Left Ventricular 
Remodeling in Response to Metoprolol CR in Patients 
With Congestive Heart Failure: The RESOLVD Phase II 
Neurohumora! Substudy 
Michel White, Robed S, McKelvie, Christian Hall, Salim Yusuf, James Young, Roberto 
Latini, Jeffrey Probsffield, Ross Tsuyuki, Aldo P. Maggione, Alvaro Avezum, Jean-Lucien 
Rouleau, Montreal Heart Institute, Montreal, Quebec, Canada. 
Background: Metoprolol CR improves left ventdcular (LV) function and clinical outcome in 
patients with congestive heart failure (CHF). The relationship between neurohumoral 
activation and LV remodeling in response to metoprolol CR has not been investigated. 
Methods: Four hundred and twenty.six patients with LV ejection fraction (EF) of 28±11% 
(mean±SD), age 61±11 years, who had completed the phase I of RESOLVD were ran- 
domized to receive metoprolol CR (mean dose 156±70 mg/day) or placebo. Plasma cat- 
echolamines, adrenolutin, endothelin and big endothelin-1, angiotensin II, aldosterone, 
and the natriuretic peptides N-terminal proANP (Nt-ANP) and BNP as well as quantitative 
radionuclide LV angiograms were measured at baseline and after 24 weeks of therapy. 
Results: Metoprolol-CR-treated patients exhibited a significant increase in Nt-ANP 
(+208±696; p<0.001) and BNP (+11.3±41.5; p=0.003). Among neurohormones, only Nt- 
ANP and BNP were related with LVEF and end-systolic and end-diastolic volumes at 
baseline (all p<0.001). Only natriuretic peptides correlated weakly but significantly with 
the change in LVEF (Nt-ANP=-0.18; p=0.03; BNP=-0.23; p=0.003), and end-systolic vol- 
umes (Nt-ANP=0.17; p=0.03; BNP=0.23; p=0.003) in metoprolol-treated patients. Such 
correlations were not observed in patients treated with placebo. Conclusions: In this 
short study, natriuretic peptides and especially BNP correlated with LV function and vol- 
umes and changes in cardiac volume in response to metoprolol CR. Patients with higher 
levels of natriuretic peptides may be at higher risk for cardiac enlargement and a 
decrease in LVEF at short term in response to metoprolol CR therapy. 
